Classical swine fever virus (CSFV) causes severe disease in pigs associated with leukopenia, haemorrhage and fever. We show that CSFV infection protects endothelial cells from apoptosis induced by the dsRNA mimic, pIpC, but not from other apoptotic stimuli, FasL or staurosporine. CSFV infection inhibits pIpC-induced caspase activation, mitochondrial membrane potential loss and cytochrome c release as well as the pro-apoptotic effects of truncated Bid (tBid) overexpression. The CSFV proteins N pro and E rns both contribute to CSFV inhibition of apoptosis.
INTRODUCTION
Classical swine fever virus (CSFV), a pestivirus within the family Flaviviridae, is related in terms of its sequence and genome organization to other members of the flavivirus group that give rise to human diseases such as hepatitis C and dengue fever. CSFV is a positive-sense RNA virus, and is the causative agent of classical swine fever (CSF), a notifiable disease of pigs (Le Potier et al., 2006) . Disease outbreaks are associated with considerable economic loss and adverse effects on animal welfare (Paton & GreiserWilke, 2003) . In its most virulent form, CSFV infection causes severe immunopathological signs, including leukopenia, haemorrhage and fever, accompanied by high morbidity and mortality. However, within an infected population, some animals are found to recover or develop chronic disease (Le Potier et al., 2006) . These observations suggest a complex interplay between the virus and the host immune system. CSFV infection is accompanied by depression of cellular immune defences (Ganges et al., 2008) and particularly innate responses mediated by interferon (Bensaude et al., 2004; La Rocca et al., 2005; Ruggli et al., 2005; Seago et al., 2007) . In vivo, elevated levels of cell death by apoptosis are thought to account for the characteristic depletion of circulating leukocytes (Sanchez-Cordon et al., 2002; Summerfield et al., 2000 Summerfield et al., , 2001 . However, it has been found that apoptotic cells rarely contain detectable viral antigen, indicating that apoptotic cells are generally not CSFV-infected (Choi et al., 2004; Sato et al., 2000; Summerfield et al., 2001) . This finding, together with the observation that acutely infected animals develop high viral loads, suggest a possible role for cell populations that are resistant to virus-induced apoptosis. These may include endothelial cells.
Apoptosis is a controlled cell death programme employed by multicellular organisms to eliminate damaged, aberrant or infected cells (Benedict et al., 2002) . A characteristic of apoptotic cell death is the activation of the caspase family of proteases. Caspases that function near the apex of cell death cascades are designated initiators and include caspases-8 and -9, whereas those involved in the terminal stages of cell death, such as caspases-3 and -7, are termed effector caspases (Cohen, 1997) . Bcl-2 family proteins are also key regulators of cell death pathways and can be antiapoptotic, such as Bcl-2, Bcl-X L and Mcl-1, or proapoptotic, such as Bax, Bak and Bid (Youle & Strasser, 2008) .
Cell death can be triggered by signals categorized as extrinsic if extracellular, or intrinsic if originating from within the cell. The prototypal cell death pathway is that of the Fas receptor and its extrinsic cell death ligand, FasL (Nagata, 1999) . FasL induces oligomerization of the Fas receptor and formation of the death-inducing signalling complex (DISC) that results in activation of caspase-8. Caspase-8 cleaves Bid to produce active, truncated Bid (tBid), which then recruits pro-apoptotic Bcl-2 proteins to the mitochondria. Mitochondria undergo specific changes associated with propagation of the cell death signal. These changes include loss of inner-membrane potential (DY m ) and release of proteins from the intermembrane space, including cytochrome c. Cytochrome c forms a complex with caspase-9 that in turn activates caspases-3 and -7, thereby committing a cell to apoptosis. Intrinsic cell death processes frequently activate the cascade at the level of mitochondria (Rodriguez & Lazebnik, 1999) .
The effectiveness of apoptosis as an antiviral mechanism is illustrated by the diversity of countermeasures that viruses have developed to neutralize this host response (Benedict et al., 2002) . RNA viruses potentially trigger apoptosis by activating cellular sensors designed to detect extraneous RNA derived from viral genomes or replicative intermediates. A well-described mechanism of cellular recognition of dsRNA is that mediated by PKR, which results in the inhibition of translation followed by apoptosis due to lack of protein expression (Garcia et al., 2007) . Studies have also suggested a direct role for PKR in inducing apoptosis through caspase-8 and -9 (Iordanov et al., 2005a, b) . Other dsRNA sensors implicated in inducing apoptosis include Toll-like receptor (TLR) 3 in endosomes (Salaun et al., 2006) and cytoplasmic RNA helicases such as RIG-I (Rintahaka et al., 2008) . All of these are intracellular RNA sensors; however, a role for extracellular RNA as a biologically relevant molecule for signalling to these sensors, perhaps through scavenger receptors, has been suggested (Dinger et al., 2008) . In addition, production of extracellular RNA is a known consequence of RNA virus infection (Majde et al., 1998) .
Previously, it was found that CSFV infection of primary porcine endothelial cells could counteract the pro-apoptotic effects of the dsRNA mimic pIpC (Bensaude et al., 2004) . However, little was known concerning the mechanistic aspects of this process. It has been suggested that dsRNA such as viral replicative intermediates or pIpC could be degraded by CSFV proteins, one candidate being E rns , which has been shown, in the related pestivirus BVDV, to prevent pIpC-mediated activation of the interferon-stimulated Mx protein (Iqbal et al., 2004; Magkouras et al., 2008; Matzener et al., 2009) . Interestingly, it was also reported that expression of the viral protein N pro alone is sufficient to block pIpCmediated cell death (Ruggli et al., 2003 (Ruggli et al., , 2005 . We therefore investigated, in more detail, the mechanism of apoptotic protection afforded by CSFV infection as well as the roles played by two viral proteins, N pro and E rns .
RESULTS

CSFV infection prevents pIpC-induced apoptosis of AOC cells
We first investigated whether CSFV infection could circumvent dsRNA-induced apoptotic signalling in a previously characterized porcine aortic endothelial cell line (AOC) (Carrillo et al., 2002) . AOC were infected with CSFV strain Alfort 187, and 24 h post-infection they were treated with increasing concentrations of pIpC for 4 h. Activity of the effector caspases, caspases-3 and -7, measured using a luminescent caspase activity assay, increased proportionately with pIpC concentration and reached a plateau at and above 100 mg ml 21 in uninfected cells. However, no increase in caspase-3/7 activity was seen in CSFV-infected cells (Fig. 1) . These results confirm that, like primary porcine endothelial cells, the AOC cell line is susceptible to dsRNA-induced apoptosis and that CSFV infection protects against this.
CSFV infection inhibits the mitochondrial apoptotic pathway
The release of cytochrome c from mitochondria is a critical factor in the activation of effector caspases. We therefore investigated whether apoptotic regulatory steps such as mitochondrial membrane potential (DY m ) loss and cytochrome c release were inhibited in CSFV-infected cells. CSFV-infected or uninfected AOC were treated with 200 mg pIpC ml 21 for 1, 3 or 5 h. To investigate whether the inhibition of apoptosis was specific to the dsRNA-induced pathway, we also treated cells with the apoptosis inducer staurosporine and the extrinsic death ligand FasL. Standard treatments of incubation with 2.5 mM staurosporine for 4.5 h, or with 10 ng ml 21 human membrane-bound FasL for 22 h were used. Cells were labelled with 20 nM of the mitochondrion-specific, potentiometric dye tetramethylrhodamine methyl ester (TMRM) during the final 20 min. Flow-cytometric analysis revealed that loss of DY m , reflected by a reduction in the percentage of TMRM-positive cells, occurred following pIpC addition to uninfected but not to CSFV-infected cells (Fig. 2a) . In contrast, DY m loss occurred in both infected and uninfected cells following FasL or staurosporine treatment (Fig. 2b ).
In parallel, the release of cytochrome c from mitochondria into the cytosol was monitored by immunoblotting of cytosolic fractions, following differential digitonin lysis. The appearance of cytochrome c in the cytosolic fraction Fig. 1 . Uninfected or 24 h CSFV-infected AOC were treated with increasing concentrations of pIpC for 4 h. Caspase-3/7 activity was measured using a luminescence assay and is expressed as mean arbitrary relative light units (RLU) ± SD for triplicate samples.
was clearly detected in uninfected but not CSFV-infected cells treated with pIpC (Fig. 2c) . In contrast, infected cells were not protected against cytochrome c release following FasL or staurosporine treatment (Fig. 2d ).
CSFV infection partially inhibits tBid-mediated apoptosis
To investigate whether the anti-apoptotic effect of CSFV is exerted at the mitochondria or further upstream in the pathway, we looked at whether CSFV could inhibit the pro-apoptotic effects of truncated Bid (tBid) overexpression. Bid is cleaved by caspase-8 to give tBid, a proapoptotic protein that causes Bax oligomerization and insertion into the mitochondrial membrane, resulting in (DY m ) loss and cytochrome c release. CSFV-infected and uninfected AOC were transfected with a plasmid expressing human tBid fused to EGFP (Fig. 3a) , or EGFP alone (Fig.  3b) . Eight hours post-transfection, cells were fixed and labelled for CSFV E2 (red). Cell nuclei were visualized using DAPI (blue). Expression of EGFP-tBid (green) induced apoptosis in uninfected AOC, as demonstrated by nuclear chromatin condensation, whereas in CSFVinfected cells, the nuclei were intact (Fig. 3a) . Expression of EGFP alone had no effect on the nuclear morphology of uninfected or CSFV-infected cells (Fig. 3b) .
As the transfection efficiency of AOC is routinely less than 10 % as assessed by confocal microscopy, the effect of tBid expression was quantified using a porcine kidney cell line (PK15) that had a transfection efficiency of 30 % in these experiments. Caspase-3/7 activity was measured in CSFV- infected and uninfected PK15 cells expressing human tBid fused to EGFP. Caspase-3/7 activity was measured 6 h post-transfection (Fig. 3c ). Control transfections with no DNA or a plasmid encoding EGFP only were included to show the basal level of caspase-3/7 activity, and that the presence of the EGFP did not significantly increase apoptosis. Expression of tBid led to an increase in caspase-3/7 activity in the uninfected cells. The CSFVinfected cells showed a 48 % reduction in caspase-3/7 activity induced by tBid compared to uninfected cells. Transfection efficiencies for CSFV-infected and uninfected cells were equivalent. This result suggests that CSFV can partially protect cells from an intrinsic apoptotic trigger acting directly on mitochondria.
CSFV infection inhibits caspase activation following pIpC treatment
We next investigated which caspases are affected by CSFV infection. The activities of initiator caspases-8 and -9 and effector caspases-3 and -7 were measured at intervals after treatment of infected and uninfected AOC with 200 mg pIpC ml 21 (Fig. 4) . Following treatment, activity of all caspases monitored increased in uninfected cells but remained low in CSFV-infected cells. To investigate whether the CSFV inhibition of caspases, like the effect on mitochondria, is limited to the dsRNA-induced pathway, two other apoptotic stimuli were also used. CSFV-infected and uninfected cells were treated with FasL for 22 h or with staurosporine for 4.5 h. Comparable increases in caspase activity were observed in CSFVinfected and uninfected cells following both treatments, suggesting that CSFV infection specifically prevents caspase activation induced by dsRNA.
A parental CSFV infectious clone virus inhibits caspase-3 activation, unlike infectious clone viruses with an N pro deletion or E rns mutation (C-H346D)
It is known that the protein N pro is involved in CSFVmediated cell survival in response to pIpC (Ruggli et al., 2003) . In order to investigate whether N pro is acting via a caspase-dependent pathway induced by pIpC, an N prodeleted virus (EP#96/2) derived from an infectious clone plasmid and its parental strain (EP#98/2) were obtained (G. Meyers, FLI, Tübingen, Germany). As N pro has a role in the inhibition of type I interferon production (La Rocca et al., 2005; Ruggli et al., 2005; Seago et al., 2007) , the N prodeleted virus is more easily propagated in SK6 cells, as they are deficient in type I interferon production (Ruggli et al., 2003) . To investigate a possible role of E rns in inhibition of apoptosis, we used a further infectious clone virus, TF230/1, derived from the same parental CSFV strain as the N pro mutant. This E rns mutant (C-H346D) has an amino acid deletion (His346) and is impaired in its RNase activity (von Freyburg et al., 2004) . The presence of this mutation was confirmed by sequencing. SK6 cells were uninfected, or Fig. 3. (a, b) Uninfected or CSFV-infected AOC were transfected with a plasmid encoding pro-apoptotic tBid fused with EGFP (a) or EGFP alone (b) (green). Eight hours post-transfection, cells were fixed and labelled for CSFV E2 protein as a marker of virus infection (red). Nuclei were visualized using DAPI (blue). Scale bars, 10 mm. (c) Uninfected or CSFV-infected PK15 cells were mock-transfected, or transfected with EGFP alone or with EGFPtBid. Caspase-3/7 activity was measured using a luminescence assay and is expressed as arbitrary mean relative light units (RLU) ± SD for triplicate samples. CSFV infection was able to partially inhibit caspase-3/7 activation due to tBid overexpression. *Statistically significant using Student's t-test (P,0.05).
infected with parental CSFV, N pro -deleted CSFV or E rns C-H346D CSFV; 96 h after the initial infection, cells were treated with pIpC for 0, 1, 2 or 3 h before cell lysates were analysed by immunoblotting. Fig. 5(a) shows that activation of caspase-3 could be detected in uninfected cells following 3 h of pIpC treatment. Only low levels of active caspase-3 could be detected in cells infected with the parental CSFV, whereas marked caspase-3 activation was evident in cells infected with the N pro -deleted CSFV, indicating that this virus is impaired in its ability to inhibit caspase-3 activation in response to pIpC. Interestingly, following pIpC treatment, levels of E2 viral coat protein remained constant in cells infected with the parental CSFV but diminished rapidly in cells infected with N pro -deleted virus. This occurred despite a single flask of cells being infected with the respective viruses prior to preparation of individual cultures for the different treatments. Immunoblot analysis of untreated cells (t50) also showed equivalent levels of E2, and lysates contained equivalent amounts of CSFV RNA based on qPCR (data not shown). These results suggest that, in the absence of N pro , viral E2 is depleted over time in response to pIpC. Fig. 5(b) shows a separate experiment comparing uninfected SK6 cells, parental CSFV-infected cells and E rns C-H346D CSFV-infected cells under the same pIpC treatment as Fig. 5(a) . Active caspase-3 was produced earlier in this experiment, becoming detectable at 2 h then increasing at 3 h. However, as in Fig. 5(a) , the parental CSFV-infected cells did not respond to pIpC. The cells infected with E rns C-H346D CSFV had higher levels of active caspase-3, although again less than uninfected cells. This suggests that functional E rns is required for inhibition of caspase-3 activation by pIpC. Interestingly, no depletion of E2 was observed in SK6 cells infected with the E rns C-H346D mutant virus, although caspase-3 levels were comparable with those seen in the N pro -deleted virus-infected cells.
DISCUSSION
Endothelial cells have long been known to be highly sensitive to immune-activating effects of extracellular dsRNA (Doukas et al., 1994) . In the context of CSFV infection, with associated haemorrhage and inflammation, it could be expected that cell lysis would result in the release of double-stranded viral replicative intermediates, which are potentially important signalling molecules (Dinger et al., 2008) . This study demonstrates that CSFV infection of a porcine endothelial cell line exerts a protective effect against dsRNA-mediated cell death. We found that pIpC treatment of AOC activates Fig. 4 . Uninfected or CSFV-infected AOC were treated with 200 mg pIpC ml "1 over 5 h, with 10 ng ml "1 FasL for 22 h, or with with 2 mM staurosporine (STS) for 4.5 h. Activities of caspases-3/7, -9 and -8 were monitored with specific luminescence assays and are expressed as relative increase compared to time 0 (caspases) or untreated cells (FasL, STS), ± SD for triplicate samples.
caspase-8, as previously reported in human cells (Kaiser et al., 2004; Takahashi et al., 2006) , and that CSFV infection inhibits the activation of this key initiator caspase as well as the downstream mitochondrial pathway involving caspase-9 activation, loss of mitochondrial membrane potential, release of cytochrome c and caspase-3/7 activation. CSFV infection does not appear to target caspase activation directly, as cell death triggered by two alternative pro-apoptotic stimuli, Fas ligand and staurosporine, was not inhibited in CSFV-infected cells. These results suggest that the inhibition of apoptosis by CSFV in response to dsRNA is at a stage upstream of caspase-8. It could be that CSFV is able to inhibit signalling by dsRNA sensors such as endosomal TLR3, or cytoplasmic RIG-I. One example of such a mechanism can be observed during HCV infection, where the TLR3 adaptor protein Trif is cleaved by viral protease NS3/4A (Li et al., 2005) .
We also investigated the effect of CSFV on mitochondriainitiated apoptosis. Infection with CSFV clearly reduced the pro-apoptotic effects of tBid overexpression, which directly targets the mitochondria. This suggests that there is an additional inhibition target at the mitochondria as well as upstream of caspase-8. Many viral proteins have been shown to inhibit apoptosis at the level of mitochondria, often through binding to pro-or anti-apoptotic proteins (Galluzzi et al., 2008) .
We used an N pro -deleted virus in order to examine in more detail the observation that N pro supports the survival of CSFV-infected cells (Ruggli et al., 2005) . Our data also indicate a role for N pro in the inhibition of pIpC-dependent apoptosis. We have also shown that, in cells infected with the N pro -deleted virus, viral E2 itself is depleted in response to dsRNA treatment and this could represent an additional antiviral mechanism. Two major functions have been assigned to N pro , one being its protease activity (Rumenapf et al., 1998) and the other its ability to target IRF3 for proteasomal degradation (Bauhofer et al., 2007; La Rocca et al., 2005; Seago et al., 2007) . It remains to be seen which of these functions, if either, is required for apoptosis inhibition by CSFV. Active IRF3 induces expression of a number of pro-apoptotic genes (Andersen et al., 2007) , and this may be inhibited in CSFV-infected cells. The observation that apoptosis can be induced in SK6 cells, reported to have a defective interferon response (Ruggli et al., 2003) , implies that the two pathways may be independent in these cells. It has also been suggested that inhibition of apoptosis by pestiviruses could be due to E rns , a viral protein with RNase activity that is most effective against ssRNA substrates at acidic pH. E rns has been found to block interferon-inducible Mx protein activation following dsRNA treatment (Iqbal et al., 2004; Magkouras et al., 2008) . Our results, using the CSFV E rns C-H346D infectious clone virus, suggest that the RNase Using an antibody directed against active caspase-3, parental CSFV infection was found to inhibit caspase-3 activation following pIpC treatment, but this did not occur in uninfected and E rns C-H346D CSFV-infected cells.
activity of E rns also contributes to the effective inhibition of caspase-3 activation in response to pIpC. However, the E2 depletion seen with the N pro mutant virus is not evident in cells infected with the E rns mutant virus. This argues against a general caspase-3-dependent protein cleavage event and highlights the need for further investigation into the mechanism of pIpC-induced apoptosis inhibition by each of the viral proteins. It is reasonable to suggest that active N pro and E rns each contribute to inhibition of apoptosis by CSFV, acting through different mechanisms. Our readout for apoptosis in these experiments was detection of active caspase-3, a marker for irreversible commitment to cell death. This is at the end of the apoptotic cascade and therefore most likely downstream of the step in the signalling pathway(s) targeted.
We conclude that CSFV infection is able to inhibit pIpCmediated apoptosis at multiple levels, including the caspase-8 and mitochondrial checkpoints. This multitiered protective effect employed by CSFV has also been observed with other viruses (Benedict et al., 2002) . The presence of an apoptosis-resistant, infected cell population, such as endothelial cells, is consistent with the high viral loads detected in acutely infected animals. Endothelial cells are important immune modulators (Bensaude et al., 2004; Campos et al., 2004) and so infection of these cells is likely to play a key role in the immunosuppressant and haemorrhagic effects of CSFV.
METHODS
Virus and cells. CSFV strain Alfort 187 was kindly provided by the EU reference laboratory, Hannover, Germany. Parental infectious clone EP#98/2 derived from CSFV strain Alfort Tübingen, the corresponding N pro deleted infectious clone EP # 96/2 and E rns C-H346D clone TF230/1 were a kind gift from Dr G. Meyers (FLI, Tübingen, Germany). Porcine aortic endothelial cells (AOC) (Carrillo et al., 2002) were cultured in RPMI with glutamax (Gibco) plus 10 % fetal calf serum (FCS), 50 IU penicillin ml 21 , 50 mg streptomycin ml 21 and 0.25 mg fungizone ml 21 (Fisher). Porcine kidney cells (PK15), were cultured in MEM with glutamax plus 10 % FCS, 50 IU penicillin ml 21 , 50 mg streptomycin ml 21 and 25 U nystatin ml 21 . A porcine kidney cell line defective in the production of interferon (SK6) (Ruggli et al., 2003) was cultured in DMEM with glutamax (Gibco) plus 10 % FCS, 50 IU penicillin ml 21 , 50 mg streptomycin ml 21 and 25 U nystatin ml 21 .
Virus infection. Virus was adsorbed to AOC at an m.o.i. of between 0.1 and 0.5 for 2 h at 37 uC and cells were incubated in complete medium for 24 h. Cells were then trypsinized, seeded into separate wells and treated with inducers of apoptosis beginning 24 h later, by which time the infection rate exceeded 98 % as verified by immunofluorescence.
Caspase assays. CSFV-infected or uninfected AOC (5610 5 cells) were incubated in fresh medium containing 200 mg polyinosinicpolycytidylic acid ml 21 (pIpC, Sigma) for up to 5 h, containing 2.5 mM staurosporine (Sigma) for 4.5 h, or containing 10 ng ml 21 membranebound FasL (Upstate) of human origin, which required an incubation time of 22 h to produce a measureable effect. Control cells were left untreated but in the case of staurosporine treatment, were treated with DMSO solvent. Caspase activity was measured using Caspase-Glo assay kits specific for caspase-3/7, caspase-8 or caspase-9 (Promega).
Measurement of mitochondrial membrane potential and cytochrome c release. Apoptosis was induced as described for the caspase assays. To measure mitochondrial membrane potential, cells were labelled with 20 nM of the mitochondrion-specific potentiometric dye tetramethylrhodamine methyl ester (TMRM, Molecular Probes) during the final 20 min. Fluorescence of 20 000 cells per sample was analysed using a FASCalibur flow cytometer (Becton Dickinson). To measure cytochrome c release, cells were pelleted and subjected to differential digitonin lysis (Heibein et al., 1999) . Immunoblot analysis of cytosolic fractions was conducted using a monoclonal antibody against cytochrome c (BD Pharmingen) and a rabbit polyclonal antibody, DS14 (La Rocca et al., 2005) , to detect viral N pro as a marker of CSFV infection. Equivalent protein loading was assessed using an anti-c-tubulin antibody (Sigma, clone GTU-88).
tBid overexpression. For confocal microscopy, CSFV-infected or uninfected AOC were seeded on 13 mm borosilicate coverslips (VWR). After 24 h, cells were transiently transfected with a plasmid expressing human truncated Bid (tBid) fused to EGFP (a kind gift from Dr P. Powell), or EGFP alone, using Lipofectamine LTX (Invitrogen). Eight hours post-transfection, cells were fixed with 4 % paraformaldehyde and permeabilized with 0.1 % Triton. CSFV was labelled using the monoclonal antibody WH303 directed against the E2 viral coat protein (Edwards & Sands, 1990 ) and an Alexa 594-conjugated goat anti-mouse secondary antibody (Molecular Probes). Images were captured using a Leica SP2 confocal microscope.
For quantification of apoptosis, caspase-3/7 activity was measured in CSFV-infected and uninfected PK15 cells transiently transfected with a plasmid expressing tBid fused to EGFP, or EGFP alone, using Lipofectamine 2000 (Invitrogen). Transfection efficiency was measured based on EGFP fluorescence using a Bioanalyser (Agilent). Caspase-3/7 activity was measured 6 h post-transfection using the Caspase-Glo kit (Promega).
Analysis of CSFV infectious clones. Uninfected SK6 cells, or cells infected with Alfort/Tübingen-based infectious clone viruses EP # 98/2 (parental), EP # 96/2 (N pro deleted) and TF230/1 (E rns C-H346D) (von Freyburg et al., 2004) , were cultured for 24 h, trypsinized and seeded into separate wells. After 48 h, cells were treated with 200 mg pIpC ml 21 (Sigma) for 0, 1, 2 or 3 h. Cells were pelleted and lysed using RIPA buffer (Upstate) before separation by SDS-PAGE and immunoblot detection with a monoclonal antibody to active caspase-3 (Cell Signaling). Viral N pro was labelled using the DS14 polyclonal rabbit polyclonal antibody and the anti-E2 monoclonal antibody WH303 was used as a marker of CSFV infection. Equivalent protein loading was assessed using an anti-tubulin antibody (Sigma, clone GTU-88).
